Objective: The present study aimed to compare dentoskeletal changes in mandibular-deficient patients treated with Bionator and Farmand appliances.
INTRODUCTION
Skeletal class II malocclusion may result from mandibular deficiency, maxillary protrusion, or a combination of both (1, 2) . For more than a century, this deformity has been treated with various functional appliances. Many studies have shown the positive effects of different functional appliances such as the Activator, Bionator, Frän-kel-2, Herbst, Twin block, and R-appliance on the treatment of mandibular deficiency (3) (4) (5) (6) (7) (8) (9) (10) (11) . Functional appliances can be classified into two groups: tooth-borne and tissue-borne.
In general, tissue-borne appliances such as Fränkel produce less dental compensation than tooth-borne ones such as the Activator, Bionator, and Twin block.
The Bionator is a tooth-borne appliance developed in Germany by Wilhelm Balter in the early 1950s. This appliance is one of the most universally used functional appliances for the treatment of class II division 1 malocclusion associated with mandibular deficiency (12, 13) .
Another functional appliance which has been recently used for the correction of class II division 1 malocclusion with mandibular deficiency is the "Farmand appliance. " This appliance has been shown to be effective in the forward movement of the mandible (14) and causes significant changes in the position and anterior displacement of the hyoid bone, resulting in improved airway and respiratory status of patients (15) .
Although there are various studies on the treatment effects produced by the Bionator in the literature, there has been no direct comparison between the Bionator (16) and Farmand appliances (14) . Therefore, this study , Abdolreza Jamilian aimed to compare dentoskeletal effects between the Farmand and Bionator appliances in the treatment of class II division 1 malocclusion with mandibular deficiency in prepubertal patients.
METHODS
In this retrospective study, patient data were handled according to the requirements and recommendations of the Declaration of Helsinki. Informed written consent was obtained from each patient and a parent or guardian.
All patients were selected according to the following inclusion criteria: 1) ANB >5°, SNB <77°, overjet >5 mm at prelateral cephalo- This study included 54 (32 girls, 22 boys) patients, of whom 27 (17 girls, 10 boys) had been treated with Farmand (Figures 1, 2 ) and 27 (15 girls, 12 boys) with the Bionator (Figure 3 ).
All patients were in their prepubertal stage (CS1 and CS2), according to the cervical vertebral maturation method as described by Franchi et al. (17) and Baccetti et al. (18) at treatment initiation.
The mean age of the patients was 11.1 (SD 1.4) years in the Farmand group and they were treated for 16 (SD 1.7) months. The Farmand appliance is a passive tooth-borne device. It contains two extended labial bows in the lower and upper jaws, a tongue bow, four rests or stops, and an acrylic part. The acrylic plate covers the occlusal area to the lingual shields. A thick wire with a diameter of 1 mm, which functions as a tongue bow, connects the right and left acrylic plates on the palatal aspect to reinforce the appliance. The upper and lower labial bows are composed of 0.8-mm stainless steel wire extended from canine to canine with horizontal loops in the canine area. The rests or stops are located on the mesial surface of the upper and lower first permanent molars. Construction bites were taken with 2-3 mm posterior clearance and an edge-to-edge occlusion in the upper and lower incisors.
Twenty-seven patients in the Bionator group were the control group and the mean age was 11 (SD 1) years and treatment time 16 (SD 1.7) months. The occlusal surfaces of the posterior teeth and mandibular incisors were covered with acryl in both appliances. This acrylic coverage prevents undesirable eruption of the teeth.
All patients were trained to wear the appliances at all times except when eating, contact sports, and brushing. Lateral cephalograms of the samples were taken in centric occlusion at treatment initiation and completion in natural head position when patients were focusing at a long distant spot at eye level. The linear and angular cephalometric measurements were used for comparison of the treatment effects between the two groups. These measurements were as follows:
SNA, SNB, ANB, Witts (connecting points A and B perpendicular to occlusal plane), GoGn (the distance between gonion and gnathion representing mandibular length), CoGn (the distance between condylion and gnathion), Co-Pog (the distance between condylion and pogonion), overjet, Jarabak index (the ratio between posterior and anterior face heights; S-Go/N-Me), GoGn-Sn (the angle between SN and the mandibular plane), palatal-GoGn (the angle between the palatal and mandibular planes), facial depth angle (the angle formed by the intersection of the Frankfort plane with the nasion-pogonion line), U1 to SN (the angle between the long axis of the upper central incisor and anterior cranial base), IMPA (the angle between the long axis of the lower central incisor and mandibular plane), and interincisal angle (the angle between the upper and lower incisors). Measurements were obtained using the pre-and post-treatment radiographs. Each lateral cephalogram was traced by one investigator in two weks intervals on a 0.07 mm frosted acetate using a 0.3-mm lead pencil. Measurements were rounded to the nearest 0.5 mm or degree. The cephalometric tracings were reevaluated by the same investigator after 1 month. An intraclass correlation coefficient (ICC) test was used to define the repeatability of the data. ICCs extended from 0.67 to 1, indicating acceptable to perfect reliability of the measurements. Table 3 shows the ICCs of all measurements.
The Kolmogorov-Smirnov normality test was used for the cephalometric data. Statistical significance was set at p<0. Tables 1 and 2 show the data of the cephalometric measurements with the two appliances.
RESULTS
In the Bionator group, ANB decreased by 3.3° (SD 1.3) (p<0.001), and SNB increased from 75.5° (SD 0.9) to 79° (SD 0.9) (p<0.001).
Witts decreased from 4.2 (SD 1.6) to 1.9 (SD 1.7). Overjet also showed a significant decrease from 7.6 (SD 1.9) to 4. GoGn, CoGn, Co-Pog, Jarabak index, GoGn-Sn, palatal-GoGn, facial angle, gonial angle, the angle formed by the junction of the posterior and lower borders of lower jaw, and U1-SN showed significant changes (Table 1 , 2).
In the Farmand group, paired t-tests showed that ANB decreased by 3.2° (SD 1.7) (p<0.001) and SNB increased to 3.3° (SD 1.9) (p<0.001). Witts decreased from 3.5 (SD 1.5) to 1.5 (SD 1.1). Overjet significantly decreased from 7.1 (SD 2.1) to 3.6 (SD 1.9) mm. IMPA significantly increased by 6.2° (SD 3.8) (p<0.001). GoGn, CoGn, CoPog, Jarabak index, GoGn-Sn, palatal-GoGn, facial angle, gonial angle, and U1 to SN also showed significant changes (Table 1, 2) .
T-test showed that there were no significant differences between the two groups at treatment initiation. The anteroposterior position of the maxilla (SNA) was unaffected by treatment with both appliances; whereas the sagittal position of the mandible (SNB) improved with both functional appliances.
Both appliances showed significantly increased GoGn, Co-Gn, and Co-Pog. T-test did not show any significant differences between the two groups.
DISCUSSION
Both the Farmand and Bionator improved the intermaxillary discrepancy in Class II division 1 malocclusion patients with mandibular deficiency. Favorable mandibular growth was also achieved with both functional appliances.
The Farmand is a passive tooth-born device, consisting of a labial bow on each dental arch, two rests or stops on the first (14), and they showed that both the Twin Block and Farmand were effective in the treatment of class II division I with mandibular deficiency. It has also been proven that Farmand significantly shifted the hyoid bone forward and nonsignificantly upward (15) .
The Bionator is a tooth-borne apparatus that has been reported to produce considerable changes in dentoskeletal structures through a repositioning of the lower jaw in a more forward position, establish normal overjet and overbite, control dental eruption, and improve facial structures (19) .
The difference between the two appliances is that two rests or stops are located on the mesial surface of the upper and lower first permanent molars in the Farmand appliance. These rests are used to prevent the forward movement of dentition and serve as stabilizing elements. There are two labial bows in Farmand appliance while there is only one labial bow in the Bionator. Two labial bows are used to stabilize the appliance. In the Bionator, the lingual flange has deep extensions beneath the mandibular molars and behind the lower incisors, whereas in Farmand, the lingual flange is not extended as much. The small size of the Farmand makes this appliance more convenient for patients.
Almeida et al. (20) evaluated the dentoskeletal effects of the Bionator on class II division I malocclusion with mandibular deficiency and reported favorable movement of the mandible.
GoGn-Sn increased in the Bionator and Farmand. This causes a clockwise rotation of the mandible, which is favorable in horizontal growers. Similar findings for Bionator have been reported in the literature, which confirm the results of the current study (19, 21 ).
In the current study, the Bionator and Farmand caused flaring of the lower incisors and retrusion of the upper incisors. This protrusion of lower incisors, which can be observed in most functional appliances, is not favorable in class II division I malocclusion with mandibular deficiency. In the current study, no significant differences between the lower and upper anteriors were observed in both groups. These findings are concomitant with those of Almeida et al. (20) . To date, only the R-appliance has been reported to move the mandible forward without any proclination of the lower anteriors (3,6). 
